The herpes virus entry mediator (HVEM) is a member of the tumor necrosis factor receptor superfamily (TNFRSF), and therefore it is also known as TNFRSF14 or CD270 (1, 2) . In recent years, we have focused on understanding HVEM function in the mucosa of the intestine, particularly on the role of HVEM in colitis pathogenesis, host defense and regulation of the microbiota (2) (3) (4) . HVEM is an unusual TNF receptor because of its high expression levels in the gut epithelium, its capacity to bind ligands that are not members of the TNF super family, including immunoglobulin (Ig) superfamily members BTLA and CD160, and its bi-directional functionality, acting as a signaling receptor or as a ligand for the receptor BTLA. Clinically, Hvem recently was reported as an inflammatory bowel disease (IBD) risk gene as a result of genome wide association studies (5, 6) . This suggests HVEM could have a regulatory role influencing the regulation of epithelial barrier, host defense and the microbiota. Consistent with this, using mouse models, we have revealed how HVEM is involved in colitis pathogenesis, mucosal host defense and epithelial immunity (3, 7) . Although further studies are needed, our results provide the fundamental basis for understanding why Hvem is an IBD risk gene, and they confirm that HVEM is a mucosal gatekeeper with multiple regulatory functions in the mucosa. 
HVEM REGULATES COLITIS PATHOGENESIS
HVEM originally was described as a negative regulator in T cells (8) (Table I ) (7, 9) . Therefore, in this model, the function of HVEM in T lymphocytes appears to be pro-inflammatory or co-stimulatory for the T-cell response. Although seemingly contradictory, these inconsistent results could be partially explained by the different functions of HVEM in various immune cell types. In ConA-induced hepatitis and EAE, germline Hvem −/− mice were used such that the phenotype could not be solely ascribed to the function of HVEM in T cells. Instead, the overall phenotype was likely the outcome of different HVEM functions (both co-stimulatory and co-inhibitory) in various cell types involved in these two disease models. In contrast, in Consistent with our observation that the effects of HVEM deficiency on intestinal inflammation are cell type-specific, Schaer et al. also showed reduced inflammation when HVEM was not expressed in two colitis models: acute administration of dextran sodium sulfate (DSS) and the T-cell transfer colitis model using Hvem −/− T lymphocytes as donor cells (Table   I ) (9) . They further demonstrated that HVEM expression was required for the expansion and differentiation of CD4 ＋ T cells during intestinal inflammation. The effect of HVEM deficiency on donor T cells was more pronounced than what was observed in our studies, which is likely due to differences in the genetic background of the mice as well as environmental differences between mouse colonies, including the intestinal microbiota. Regardless, their conclusion is consistent with our finding that HVEM is co-stimulatory or pro-inflammatory in T cells and therefore could promote inflammation. This conclusion is consistent with other observations demonstrating that HVEM-mediates NF-κB activation, which likely provides a survival signal for T lymphocyte in vivo such that intrinsic HVEM signaling is required for pathogenic T cells to expand and mediate inflammation. for preventing accelerated T-cell transfer colitis. Recently, we were able to confirm the importance specifically of epithelial expression of HVEM by infecting mice with an epitheliumspecific HVEM deletion with C. rodentium (preliminary results). We also found Hvem −/− mice had a diminished Th17 cell response in the lamina propria leading to impaired bacteria clearance during C. rodentium infection (preliminary results, Table I ). Together, these results provide strong evidence that HVEM expression by epithelium is protective and important for host defense in the mucosa, while HVEM expression by T cells is co-stimulatory or essential for T-cell differentiation and expansion.
HVEM MEDIATES MUCOSAL HOST DEFENSE

HVEM SIGNALING REGULATES EPITHELIUM AND Th17 CELLS IN THE MUCOSA
Because HVEM plays such an essential role in epithelial innate immunity during mucosal infection, we investigated the mechanism of HVEM signaling in epithelial cells. Indeed, either in a mouse colonic epithelial cell line, or in colonic fragment cultures, stimulation with soluble HVEM binding partners, including either BTLA-Ig or recombinant CD160, induced the activation of STAT3 (Table I ) (3). Epithelial STAT3 activation promotes the expression of genes important for mucosal immunity and host defense in the intestine (14), such as the gene encoding Reg3γ, an anti-microbial C-type lectin.
The anti-microbial response induced by epithelial STAT3 activation provides essential host defense against mucosal bacterial infection including C. rodentium, as evidenced by the ability of Reg3γ-Ig to rescue the lethality in Hvem −/− mice resulting from C. rodentium infection (3). Consistent with this, deletion of STAT3 specifically in epithelium leads to impaired Reg3β/γ expression and increased susceptibility to C. rodentium infection (unpublished results). Together, these results revealed a novel HVEM-STAT3 signaling pathway in the epithelium, which is similar to the epithelial IL-22R-STAT3 pathway. IL-22 interaction with its receptor previously was shown to be essential for epithelial immunity and host protection from C. rodentium (13) . We further determined that HVEM-STAT3 signaling pathway, but not IL-22R-STAT3, is dependent on the NF-κB inducing kinase (NIK), suggesting that these two pathways are independent but likely to collaborate to provide optimal STAT3 activation (3). Moreover, the HVEM-STAT3 signaling pathway in epithelium is distinct from the various types of NF-κB signaling mediated by TNF super family receptors, including HVEM. Signals that activate STAT3, including IL-6, IL-21, and IL-23, are important drivers of Th17 cell differentiation, a component of adaptive immunity which is required for anti-bacterial/fungal immunity. Patients with Hyper-IgE syndrome (HIES), characterized by devastating susceptibility to infections, have dominant-negative mutations of the Stat3 gene and impaired Th17 cell differentiation (15) . Importantly, genome-wide association studies (GWAS) have identified not only Hvem, but also Il-23r and Stat3 as genes linked to in-creased susceptibility to IBD (6) . Therefore, an important conclusion from our findings is that STAT3 signaling links HVEM not only to epithelial innate immunity but also to the adaptive Th17 response, both are essential for mucosal host defense and colitis pathogenesis.
During C. rodentium infection, Hvem −/− mice showed a diminished Th17 response in the lamina propria, resulting in impaired bacterial clearance (unpublished results, Table I ). This is consistent with our result that HVEM co-stimulation promotes the differentiation of naive T cells cultured under Th17 conditions in vitro (unpublished results). As in the response of Hvem −/− T cells in the models of DSS or T-cell transfer colitis, intrinsic HVEM signaling in T lymphocytes, including Th17 cells, might be critical for differentiation and expansion during the immune response in vivo. We are currently testing the response of T-cell specific HVEM conditional knockout mice in the context of various models of mucosal infection or inflammation to confirm the role of HVEM in T cells during the immune response in vivo. 
FUNCTIONAL LIGANDS FOR EPITHELIAL HVEM IN THE MUCOSA
SIGNIFICANCE AND RELEVANCE
Our novel findings have revealed new insights about the TNF receptor HVEM. Overall, our laboratory has established an essential role for HVEM in reducing colitis pathogenesis and in enhancing mucosal host defense. HVEM-mediated signals guard at mucosal surfaces against pathogenic bacteria, and HVEM helps to maintain mucosal immune homeostasis, either at steady state or during inflammation and pathogenesis. Furthermore, the mechanism of HVEM-mediated regulation via STAT3 signaling in the mucosa provides a fundamental basis for understanding why Hvem might be a potential risk gene for IBD pathogenesis and also why HVEM could be a promising therapeutic target for boosting host defense and regulating inflammation.
